Abstract: Smallholder teak (Tectona grandis) plantations have been identified as a potentially valuable component of upland farming systems in northern Laos that can contribute to a "livelihood transition" from subsistence-oriented swidden agriculture to a more commercially-oriented farming system, thereby bringing about a "forest transition" at the landscape scale. In recent years, teak smallholdings have become increasingly prominent in the province of Luang Prabang, especially in villages close to Luang Prabang City. In this paper, we draw on a household survey conducted in five teak-growing villages and case studies of different household types to explore the role that small-scale forestry has played in both livelihood and land-use transitions. Drawing on a classification of forest transitions, we identify three transition pathways that apply in the study villages-the "economic development" pathway, the "smallholder, tree-based, land-use intensification" pathway, and the "state forest policy" pathway. The ability of households to integrate teak into their farming system, manage the woodlots effectively, and maintain ownership until the plantation reaches maturity varies significantly between these pathways. Households with adequate land resources but scarce labor due to the effects of local economic development are better able to establish and hold onto teak woodlots, but less able to adopt beneficial management techniques. Households that are land-constrained are motivated to follow a path of land-used intensification, but need more productive agroforestry systems to sustain incomes over time. Households that are induced to plant teak mainly by land-use
Introduction
In northern Laos, the expansion of smallholder teak (Tectona grandis) plantations in the past decade has contributed to a transition from a swidden farming landscape to a forested landscape, in line with the government's policy objectives to eliminate swidden agriculture and increase the nation's total forest cover. Driven by a range of incentives, teak plantations have become increasingly prominent in the province of Luang Prabang, especially in villages close to Luang Prabang City [1] . Both smallholders and urban-based landowners are now involved in small-scale teak plantations, either by planting land they previously used for swidden agriculture or by acquiring existing teak stands. Thus teak planting appears to be contributing to a "forest transition", comparable to forest trends in other parts of the world, but one that is being driven by smallholders rather than large-scale industrial plantations or exclusionary forest conservation measures [2] [3] [4] . This case provides an opportunity to assess the dynamics of a smallholder-based approach to forest transition and thus to contribute to the wider debate about the relative merits of small-and large-scale modes of agricultural and rural development [5] [6] [7] [8] [9] .
The notion of a forest transition refers to a reversal or turnaround from a period of net loss of forest cover in a given landscape or region to a period of net gain, whether through natural regeneration or tree planting. Mather [10] and Mather and Needle [11] describe this transition in many developed countries and attribute it to both economic development and the increasing scarcity value of forest following a long period of deforestation. Scherr and Hazell [12] , drawing on induced innovation theory [13, 14] , also suggest that, in the long run, resource degradation (including deforestation) may be self-correcting as resource scarcity and rising private and social costs from degradation induce the development and use of new agricultural and resource management practices such as tree plantations and agroforestry systems. They argue that rural land-users in both developed and developing countries make dynamic adjustments to increasing resource degradation and scarcity, following a number of different trajectories. The end result can be that rural populations come to depend primarily on resources that have been substantially modified by human management, such as agroforestry systems.
While the various drivers of forest transition appear to be well understood, there is recognition that a wide range of conditions may inhibit the innovative responses, resulting in the delay of rehabilitation efforts or continued degradation [12] . Van Noordwijk et al. [15] have identified several policy barriers that may prevent the initiation of the rehabilitation phase, including the lack of recognition of the goods and services provided by trees planted in agricultural landscapes, absence of use rights to land for tree planting, and barriers to tree utilization. Hence, as with other transitions, the forest transitions should only be viewed as "possible development paths where the direction, size, and speed can be influenced through policy and specific circumstances" ( [16] ; p. 1136).
Moreover, transition theories have been largely applied to land-use and forest-cover changes at either national or regional scales. However, there is increasing recognition of the importance of interdependencies within and across scales. For example, local reversals can arise from interdependencies with other regions through trade in resources [17] . Lestrelin et al. [18] illustrate the importance of re-evaluating forest transitions at the national scale with their analysis of "deforestation leakages" from China and Vietnam moving into areas of Laos. However, these interdependencies also arise at the local scale, with households implementing land-use change through transactions with other households within their own or neighboring villages, or through the use of common land. At the household scale, Meyfroidt et al. [19] acknowledge that forest recovery may not always lead to beneficial livelihood outcomes, citing policy-driven transitions, especially in Asia, resulting in forest recovery but at high costs for local populations. This is of particular concern when policies aim to induce or speed up forest transitions in order to achieve environmental outcomes without considering the impact on rural livelihoods within a community, given that households have diverse levels of capacity to adapt to changing circumstances.
In the present context, Newby et al. [1] have shown that the boom in teak planting in northern Laos, while contributing to a forest transition at the landscape scale, is accelerating processes of agrarian differentiation, with a small group of better-off farmers and urban-based outsiders capturing the majority of the benefits, while those with the greatest dependence on swidden agriculture are often made worse off through declining access to land. This underscores Hetcht's [20] argument that we must seek to understand how the interactions between regional and local forces, agrarian and non-agrarian livelihoods, formal and informal economies, and national and international processes all interact to produce observed forest trends.
Lambin and Meyfroidt [21] have classified the drivers of land-use transitions into two types: (1) land-use transitions associated with negative feedbacks that arise from a depletion of key resources or a decline in the provision of important ecosystem goods and services; (2) land-use transitions caused by socio-economic change and innovation that take place independently of the state of the ecosystem and follow their own dynamics. They outline how these different kinds of drivers combine to give rise to five forest-transition pathways (acknowledging that the pathways may overlap in practice):
1. The forest scarcity pathway occurs where political and economic changes affecting the forest sector arise in response to the adverse impact of deforestation. 2. The state forest policy pathway occurs due to national forest policy. This pathway is often motivated by concerns beyond the forest sector, such as modernizing the economy, integrating marginal social groups, promoting tourism or foreign investment by creating a "green" image, or geopolitical interests. 3. The economic development pathway occurs where economic growth creates non-farm employment, pulling labor off the land and inducing a reversion to forest. Areas of marginal agricultural land are abandoned to forest regeneration. Farmers may adopt more productive agricultural techniques in core agricultural zones, while farming on marginal lands becomes increasingly unprofitable. It is labor scarcity rather than forest scarcity that drives this process. 4. The globalization pathway includes a number of processes: neo-liberal economic reform, labor out-migration, local manifestations of international conservation ideologies, a growing tourism sector, and land acquisitions by foreigners. 5. The smallholder, tree-based, land-use intensification pathway occurs in marginal regions dominated by smallholder agriculture. A significant increase in tree cover can be associated with the expansion of agroforestry systems, fruit orchards, woodlots, gardens, hedgerows, and secondary successions on abandoned pastures or fallows that are sometimes enriched with valuable species.
Newby et al. [1] found that there was large diversity in the livelihoods of households in five teak farming villages of northern Laos. Their analysis showed that teak planting had been more extensive among households with a longer history of settlement, where the household head was older and better educated, where household members had off-farm sources of income, and where the household had access to paddy land and so was more likely to be self-sufficient in rice. For these households, teak planting presented a land-use option that required less labor input and, if managed effectively, could substantially improve household income. At the other extreme, land-constrained households that depended on shifting cultivation for their livelihoods generally need to borrow land for upland rice production on the condition that they maintained the planted teak for the owner. As the area of land under teak expanded, these households had to go further afield to obtain land for upland rice production.
In this paper we build on the analysis of Newby et al. [1] through a series of case studies based on a typology of households in the five surveyed villages. The case studies are used to explore the relative importance of the endogenous and exogenous drivers identified by Lambin and Meyfroidt [21] in understanding and evaluating the expansion of small-scale teak plantations in northern Laos. We show that, even at the village scale, these drivers are felt differently, with neighboring households potentially on different forest-transition pathways, with correspondingly different implications for their livelihoods. The analysis shows the importance of understanding these variations when it comes to designing policies and interventions aimed at inducing a forest transition that achieves the multiple objectives of increasing regional forest cover, improving the management of forestry investments, and improving the livelihoods of rural households.
Methods
The analysis in this paper builds on the household survey reported in Newby et al. [1] . In November 2009, the survey of 127 households was conducted in five teak-growing villages across four districts of Luang Prabang Province (Luang Prabang, Xieng Ngeun, Chomphet, and Nan Districts) to explore differences within and between villages in teak planting and management ( Figure 1 and Table 1 ). This survey sought information regarding each household's composition, settlement and relocation history, cropping and livestock activities, the collection, consumption and sale of non-timber forest products (NTFPs), off-farm and non-farm employment, access to extension services and other sources of information, access to credit, land transactions, rice self-sufficiency, and household assets.
Respondents also ranked activities based on their overall importance to the household, contribution to cash income, and utilisation of household labor. For those households with teak plantations, additional information was sought regarding their tree portfolio and knowledge of silvicultural practices. Some relevant information about each village is presented in Table 1 . In this paper we have used the survey data to develop a typology of households across the five villages. This typology is based on: (i) the household's most important activities; (ii) the most important source of cash income; (iii) paddy rice versus upland rice cultivation; (iv) rice self-sufficiency; (v) access to cropping and fallow land; and (vi) the size and age of teak plantations. The incidence of household types varied between villages, reflecting the inter-village variation in resource base and livelihood activities (Table 2) . Households classified as Type 1 were families with teak that directed significant household labor into "lowland" cropping systems based on paddy rice (1a) and vegetable gardens (1b). These activities were central to the household's identity and a major source of cash income. There was less household labor directed to upland cropping systems, with the amount of labor utilized in the uplands declining over time. These upland parcels were not directly relied on for household food security but were used for cash crops (pineapples, maize, Job's tears) and often required some hired labor to manage peak labor demands. Type1 households sometimes leased some of their upland parcels to tenants who utilized them for upland rice or cash crops during the early years of teak establishment. Type 2 households also had paddy land, but the smaller paddy areas meant they were just self-sufficient or had a rice deficit which was addressed through the sale of upland cash crops. The conversion of upland fields to teak had reduced fallow periods and the ability to collect NTFPs as the transition to woodlots proceeded. After the teak establishment years (2-3 years), the land was removed from all upland cropping with no income generated for these fields until the trees could be harvested.
Type 3 households had similar upland cropping systems to Type 2 households. That is, it was not possible to distinguish between them by looking only at their woodlots. However, these households did not have the buffer of paddy rice production for household consumption. Upland cash crops were the main source of income, which was utilized to purchase rice for household consumption, although in some cases a small area of upland rice was grown during the first year of teak establishment. As land for upland cropping became increasingly limited over time, these households often needed to lease land before they could rely on income from teak. This land was sourced from within their own or neighboring villages, depending on the number of labor-constrained, land-abundant households (Type 1 households or absentee landlords) in their own village who were currently seeking to establish woodlots.
Agroforestry systems were cultivated by Type 4 households. These households directed most of their household labor into their upland fields. Unlike Types 2 and 3, these households managed cash crops, bananas, NTFPs, and teak on the same parcel of land beyond the teak establishment years. There was a wide diversity in the choice of crops and field layouts in these agroforestry systems, with households responding to a range of market signals.
Type 5a households were similar to Type 2 households in that they had paddy rice land, but they had chosen not to plant teak on their upland parcels. The uplands were utilized mainly for the cultivation of cash crops such as maize and Job's tears. However, their upland fields were also important for the grazing of cattle, whereas Type 2 households tended not to have cattle. Type 5b households were similar to 5a but without access to paddy land. That is, they were the non-teak equivalent of Type 3 households. As such, upland rice remained an important food crop, with other cash crops also cultivated in their upland plots. Within the study area, the majority of Type 5a and 5b households were found in Phatonglom village. In this village there were also some local regulations restricting the conversion of the flatter agricultural land close to the roads to woodlots. This regulation was also introduced in some other villages but only after the majority of the land close to the roads and rivers had already been converted to woodlots. Mechanized land preparation was also possible in some of the flatter areas where cash crops were grown in this village, reducing the labor constraints that other household types faced.
Type 6 households had no access to paddy land or river gardens and less access to upland plots than Type 5b households. Upland rice was grown as an important food crop and the shortening of fallow periods meant that they had low and declining yields. Off-farm employment was typically necessary to generate cash income to meet consumption needs.
After households were classified, at least one individual case-study household from the original survey sample was randomly selected to represent each type-17 households in all, referred to as CS1 to 16 in Table 2 and the subsequent discussion. This case-study approach lends itself to understanding the complex relationships between the range of biophysical environments, farming households, and the socioeconomic and political conditions that influence their land-use decisions. In August 2010, semi-structured interviews and farm walks were conducted with each case-study household to build on the data collected in the household survey. The interviews first established land holdings, tenure, and current land-use of each parcel either owned or utilized by the household. The history of land use was also recorded for each parcel. Often this meant tracking the use of additional parcels of land that the household no longer owned or had allocated to other family members. The iterative process of looking at activities across years and parcels provided a level of detail of the dynamics of land use that could not be captured using a structured survey. Details of other activities recorded in the initial survey such as livestock and outside employment were also confirmed. In addition, the seasonal allocation of labor was obtained using activity calendars, and costs and returns were estimated for key cropping and collection activities.
Almost two years later, in June-July 2012, an additional interview was conducted with each of the case-study households. These interviews focused on changes during the previous two years as well as future plans for each parcel of land and each member of the household. Photographs taken during the first case-study interviews were given to the participants, which provided a useful entry point to discuss changes over the past two years. Not all case study households were available for the second interview due to temporary or permanent migration. The village head (ni ban) was also interviewed about changes in the village; however, his observations were mostly based on subjective impressions as village statistics remained out of date.
Results
Across the five villages there has been a general trend to "agro-forestation" [22] , with smallholders incorporating teak into their farming systems. This has largely involved the establishment of densely stocked small woodlots of around one hectare. Several overlapping influences have induced this overall land-use change. However, there was a spectrum of emerging farming and livelihood systems ranging between the two extremes of absentee urban-based landowners who have acquired teak holdings and rural households that have recently relocated from more remote upland areas and remain highly dependent on swidden agriculture. This spectrum reflected that households had a variety of livelihood platforms and were responding dynamically to different opportunities and constraints as they arose. These included variations in land types and productivity, population growth, access to land, access to markets, non-farm employment opportunities, and ad hoc policy changes. Some of these variations can be seen in Tables 1 and 2 .
The case studies revealed that land-use change at the household scale follows different pathways, even for households in the same village occupying adjacent parcels of land. However, these "pathways" are by no means smooth or continuous; the predominant trends are punctuated by unanticipated shocks (such as an illness in the family that created an urgent need for cash or damage to crops and housing caused by flooding) that have significant and long-lasting impacts on households that are often living on the margin. While all of the five pathways identified by Lambin and Meyfroidt [21] and discussed above were evident to some extent, three were clearly distinguishable and relevant to current research and extension activities: (i) an economic development pathway; (ii) a smallholder intensification pathway; and (iii) a state policy pathway.
While there were some elements of Lambin and Meyfroidt's [21] forest scarcity pathway present, it was not seen as one of the main drivers of the widespread establishment of teak. Although there is indeed strong global demand for teak [23] , there is not the same level of local market engagement that has driven other smallholder systems, such as the establishment of eucalyptus and acacia in areas of Vietnam [4] . Moreover, households did not report that they were planting trees to have access to timber for their own construction needs, which was a common reason given by farmers in the central Philippines [24] . However, there are various efforts to improve smallholder linkages with local and global teak markets now that the resource base has been established.
Again, while there are elements of Lambin and Meyfroidt's [21] globalization pathway, it was not seen as one of the main drivers for smallholders planting teak. Nevertheless, globalization is having an impact on local livelihoods through increased employment opportunities. Luang Prabang City is the main tourist destination of Lao PDR and was declared a World Heritage site in 1995. With increasing tourist numbers there has been a significant increase in the demand for food crops (such as fresh vegetables) that is changing the profitability of these farming enterprises. The expanding tourism sector has also contributed to increased local employment opportunities in both the construction and service sectors. However, migration to neighboring countries, as described by Manivong et al. [25] and Barney [26] for southern and central Laos, is not common and so is not contributing to labor shortages in the case study villages. 
non-farm to support consumption * The external influence of government policies were felt by all households but we only considered households as being on a "state policy pathway" when other factors inducing the transition were absent.
The three main pathways identified are discussed in detail in the following sub-sections, along with a consideration of the reasons for non-adoption of teak woodlots or agroforestry. Table 3 summarizes some of the characteristics of households on the three pathways. The external influence of government policies was felt by all households. Nevertheless, we only considered households as being on a "state policy pathway" when other factors inducing the transition were absent. The table also identifies some of the research and extension issues together with ongoing constraints for each pathway. The results from the surveys and case studies coupled with experimental results (described in Dieters et al. [27] ) suggest that the potential for teak-based systems to improve the livelihoods of smallholders varied with household resources. As such, extension should be targeted at different households to encourage the adoption of different teak systems: smallholder woodlots, teak-based agroforestry, and boundary or line plantings. These options are expanded on in the following sub-sections.
Economic Development Pathway
The economic development pathway describes a situation where labor scarcity rather than forest scarcity is the major driver of land-use change. In this setting, however, the labor scarcity is not primarily due to out-migration to take up urban employment as described by Lambin and Meyfroidt [21] but a redeployment of labor to more intensive farm and non-farm income-earning activities such that upland plots become available for tree planting. This labor scarcity is relative to the size of a household's landholdings and the extent of its engagement in other livelihood activities.
Smallholder teak plantations have been identified by government planners as an alternative to swidden agriculture. While establishing teak woodlots may provide an alternative use of land formerly used for swidden, the 2009 survey showed that households that already had more productive alternatives to swidden in terms of the return to labor were more likely to plant teak and on a larger scale. Paddy rice for Type 1a households (Kok Ngiew, Xienglom, Phonsavang, Phathonglom), river-bank vegetable gardens for Type 1b households (Xienglom and Sanok), and non-farm employment all provided households with alternative uses of labor to swidden agriculture and hence an incentive to plant teak woodlots in their upland fields. For these households, state policies designed to reduce swidden agriculture (such as limiting fallow periods) and encourage sedentary agriculture provided an additional incentive to convert their upland fields to tree-based systems rather than risk having them reallocated to other households in the village.
For households with many other livelihood activities, labor is still a constraint to establishing and maintaining woodlots. Thus case studies in Kok Ngiew (CS1) and Xienglom (CS14) revealed that Type 1 households with alternative uses for their labor often allowed tenant farmers (usually Type 3 and Type 6 households) to cultivate their land during the initial years of teak establishment in return for managing the planted trees, a localized and small-scale form of the "taungya system" that has been a common means of teak establishment throughout Asia [3] . This enabled labor-scarce households to establish woodlots with minimal investment of family labor or capital. This practice was also used by absentee landowners who had acquired land in the village and subsequently wanted to establish woodlots.
These interdependencies between households within the study region highlight the importance of scale in considering forest transitions. We suggest that the cross-border "leakages" described by Lestrelin et al. [18] also occur at the household scale, with the process allowing some households to make a smoother transition by accessing additional land or accessing additional labor to manage woodlots. Indeed, land-scarce households from several adjacent villages were using upland parcels for rice production from land-abundant households in Xienglom, where a large number of households had both paddy rice and vegetable activities. Returns to vegetable production have improved in recent years with improved road infrastructure, market access, and market demand from the expanding tourism sector. Electrification has also made irrigation with pumps and sprinklers more efficient; hence vegetable production is now a year-round activity for specialist producers who as a consequence have no surplus labor for upland cropping, which provides relatively low returns to labor.
In the short term, this relationship has given tenants (Types 3 and 6) continued access to land, while the landholders (Type 1) have been able to maintain ownership of their upland parcels and build up their area of teak woodlots, with only minimal labor required for maintenance following establishment.
For households with less paddy land or limited access to river gardens (Type 2), managing this land-use adjustment has been more complicated; for these households, income from upland crops and NTFPs collected from fallow fields is still important. That is, the pathway for these households features some elements of both the economic development and intensification pathways over time, depending on how well they had planned the transition. Some case-study households had established teak on a large percentage of their upland parcels and now needed to enter the land market (leasing land from absentee landowners with in-kind labor payments) to bridge the period until their teak could be harvested. Livelihood shocks such as medical emergencies, low prices for cash crops, and crop failure posed a threat to the ability of these households to maintain ownership of the immature teak plantations. In these cases, livelihood diversification into off-farm and non-farm activities was driven by necessity rather than a planned reallocation of labor away from agriculture.
The study revealed that even the case-study household in Kok Ngiew (CS1) with the most land of all case studies had also strategically been borrowing cropping land in neighboring Xienglom, allowing the household to make a smoother transition. As an aging couple, they were reaping the rewards from this investment, given that they were hoping to stop strenuous upland cropping now that their children were mostly employed in non-farm activities. Similarly, a young case-study farmer in Sanok (CS11) now had limited upland cropping activities and moved into managing vegetable gardens and tree crops. However, he had inherited a large tree portfolio (teak and fruit trees) that was established when land was more abundant. This transition would be difficult to replicate for a young, newly established household (such as CS 13 and 16), starting with a small area of allocated land often far from the village.
In the villages located closer to Luang Prabang City, non-farm activities were a major livelihood component. This included activities such as operating small shops, trading agricultural products, and employment in the large tourism sector. Rural wages have increased significantly in recent years; farmers now earn around 30,000 kip/day (USD 3.75) for agricultural activities such as transplanting paddy rice, or over 50,000 kip/day (USD 6.30) for non-farm laboring. This increase has made the returns to labor for many upland agricultural activities marginal at best when compared to the alternatives. The tourism sector also continues to pull labor, particularly young men and women, out of agricultural activities. Younger members of several case-study households were employed in eco-tourism, while an older case-study farmer (CS12) in Sanok had also recently sold two of his teak plantations (including the land) to an urban investor so that he could purchase a river-boat to take advantage of the increasing tourism opportunities. These strategic sales of plantations to invest in alternative livelihood opportunities are different to distress sales of young woodlots in response to livelihood shocks and the urgent need for cash.
While the economic development pathway has seen widespread establishment of woodlots on former cropping land due to labor scarcity, this has also contributed to the poor on-going management of those stands. Once the trees are established and maintained for a few years, they are largely left to grow, with limited labor dedicated to their management until harvest. Demonstrating the economic benefits of improved management practices such as pruning and thinning remains an important extension priority [23] . A network of demonstration trials has been established to help in this effort by increasing the observability of the impacts of improved management [27] , however further extension will be required before adoption is likely by labor-scarce households.
Roshetko et al. [3] suggest that households could opportunistically direct small amounts of labor into woodlot management at times when other on-farm and non-farm opportunities are less attractive. Trials have shown the importance of early interventions in the management of teak woodlots, with pre-commercial thinning of established highly-stocked woodlots aged up to 8-10 years of age recommended [27] . Yet, when discussing thinning practices with farmers and village heads, they often expressed a feeling of regret (siadai) about removing small trees without being able to obtain some income from them. Hence it may continue to be difficult to get farmers to adopt appropriate thinning regimes in the absence of markets for small logs and alternative products such as charcoal. Furthermore, the survey showed that around 32% of households had started to harvest trees. The common practice is for farmers to remove the large, dominant, fast-growing trees with the highest value when cash is needed to meet important household expenses (weddings or school fees). This practice leaves a woodlot with very slow growth in volume and value.
There is ongoing research into the spacing of trees in woodlots to improve the productivity and value of the woodlots (Table 3) . Dieters et al. [27] have recommended that farmers reduce the initial stocking of woodlots to limit the production of small-diameter logs. Their recommendation is to increase the initial spacing of teak in smallholder woodlots from the currently recommended 3 × 3 m (1100 stems per ha) to a spacing that provides an initial stocking of between 600 and 800 trees per ha. This recommendation is also based on the assumption that some households with many alternative uses of labor will continue to poorly manage their woodlots and not adopt appropriate thinning regimes. The lower initial density will minimizes some of the problems arising from unmanaged and heavily stocked woodlots.
Smallholder Intensification Pathway
The smallholder intensification pathway is similar to the economic development pathway in that it is often associated with a reallocation of labor between different land types, for example, a concentration of labor on paddy rice plots in valley bottoms and river gardens, with tree plantations established on steep slopes that had previously been cultivated extensively [28] . However, where access to alternative land types is constrained, complex agroforestry systems have developed on upland plots that feature a portfolio of activities providing a range of income streams over different time horizons.
In Kok Ngiew, the dominant upland cropping system that has emerged for Type 3 households involves pineapples grown as a companion crop with teak, with households managing a staggered build-up of teak over several years in an attempt to maintain cash flow. As noted above, this transition has been easier for Type 2 households with access to paddy land to provide a consumption buffer, particularly given large fluctuations in the pineapple price. The spacing of teak in these systems has still been 3 × 3 m, meaning that after one rotation of pineapples (4 years) there is little potential for ongoing cropping or income from the land until the teak can be harvested. Physically, a parcel of land in Kok Ngiew may look similar for a household on the economic or intensification pathways. However, when you look beyond the woodlot, the drivers of the land-use change and the implications for the household's livelihood can vary dramatically, with the former largely driven by labor scarcity and the latter a result of land scarcity.
It became evident in the course of conducting the case studies that some Type 3 households had underestimated the amount of land they would require to continue generating cash income from cropping activities to meet their consumption needs. This resulted in two tactics-renting land to continue cropping or increasing their use of labor for wage-earning. The adoption of improved agroforestry systems may reduce the risk that Type 3 households sell land through distress sales before the trees reach maturity and end up as labor dependent, non-teak households like those categorized as Type 6.
Access to fallow and forest lands also provides important income through the collection of NTFPs such as broom grass and bamboo shoots. In Phonsavang, agroforestry systems consisting of cash crops (Job's tears (Coix lacryma-jobi) and maize), domesticated NTFPs (paper mulberry (Broussonetia papyrifera) and broom grass (Thysanchaena maxima)), trees (teak and rubber (Hevea brasilinesis)), and perennials (bananas) have been developed. These systems continue to evolve in response to changing market conditions, with returns to family labor remaining an important criterion. Case-study farmers in Phonsavang have reduced the time dedicated to harvesting their paper mulberry due to falling prices, reducing the returns to labor compared to alternatives. At the same time, various bio-fuel crops such as Jatropha curcas and Vernicia fordii are being promoted and taken up by farmers. In some cases, these smallholder boom crops are being promoted by foreign investors through local extension agents.
The current management of teak trees by these households is also mainly limited to weeding trees during the initial years when companion crops are becoming established. However, unlike many of the teak woodlots belonging to households on an economic development pathway, household workers are frequently in these fields, managing and harvesting other components of the system. For example, Type 4 farmers in Phonsavang spend some time during most weeks harvesting bananas from their agroforestry plots and harvest various NTFPs at different times of the year. Sabastian et al. [29] found that households with a greater reliance on farm income and larger areas of trees were more likely to adopt silvicultural practices. While labor is more readily available to adopt recommended teak management practices, demonstrating the benefits of practices such as thinning and pruning remains important as case-study households continue to see all trees as having some future value. This has been exacerbated by the land market for woodlots in which land values are determined by the number of trees, not their productivity.
Preliminary trials of various agroforestry systems with Type 4 households in Phonsavang demonstrate household earnings of up to 1.5 million kip (190 USD) per ha per year from combinations of bananas, paper mulberry, broom grass and Job's tears. Expressed differently, activity budgets developed with the owner of one agroforestry plot estimated a net return to household labor of over 60,000 kip/day-around double the opportunity wage. The seasonal collection of domesticated broom grass provided a return to labor comparable with the off-farm wage. However, these case studies revealed that households remain exposed to both market and production risk from these systems. For example, the returns to production of Job's tears varied between 24,000 kip per labor-day in 2011 and only 15,000 kip per labor-day in 2012.
On-going research is required to improve these systems to allow smallholders with fewer resources (e.g., less land and off-farm income) to take advantage of the longer-term benefits of growing tree crops such as teak (Table 3) . These systems have the potential both to deliver incomes throughout the year through the cultivation of companion crops and to successfully establish a well-stocked and actively growing teak system. However, weed control is a major concern of farmers when discussing these alternative systems, particularly in the second and subsequent growing seasons. Furthermore, with wider spacing between trees in these agroforestry systems, it is increasingly important that farmers have access to good genetic material to reduce the potential of poor tree form. Finally, Type 4 households are under more pressure to sell trees earlier, therefore finding markets for both thinnings and small diameter trees will improve the economic performance of these systems.
State Policy Pathway
Various government policies have acted both to encourage smallholder forestry and to restrict other forms of land use, especially swidden. A major influence on smallholder forestry has been the Government's Land and Forest Allocation (LFA) Policy [1, 30] . As outlined above, many farmers have planted teak on the upland parcels they do not currently need for food crops to retain this land for the future. The land allocation process also created an incentive for households to convert swidden land (that would be classified as "degraded forest land") into woodlots before the implementation of the allocation process in order to secure additional land. Planting teak has also converted the land into an asset that can be used as security for loans or sold to investors.
While the positive impacts of these policies in achieving a forest transition are apparent, particularly for households on an economic development pathway, case studies were also conducted with several households (CS4, CS13, and CS16) whose farming systems were undergoing change primarily due to state policies in the absence of the other factors found in the two pathways described above. These included households that were not teak growers due to inadequate resources to make the transition (CS6 and CS7).
Households in the state policy pathway were upland farmers with limited or no paddy rice that were therefore typically still dependent on upland rice cultivation. They were often newly established or relocated households that had been allocated upland cropping land to manage in a short-rotation system. Typically they were allocated no more than three plots of land, allowing only two years of fallowing. Furthermore, this land tended to be further from the village, often requiring long travel time to the field and to bring produce back to the village.
The three original case-study households in this category were not available for the second interview in 2012 as they were temporarily absent from the village or had relocated in order to find employment. Given that CS13a had migrated closer to the city, an additional interview (CS13b) was conducted with a similar household (young, recently relocated Hmong family with limited allocated land). These households had typically struggled to develop a sustainable upland cropping system, given short fallow periods and declining soil fertility and yields. In some cases land was left fallow to regenerate while household members moved into the non-farm sector. Discussions with village leaders showed that they understood the difficulty for such land-scarce households. One leader described how new families were typically allocated three parcels of land for upland cropping. Those who converted one of these parcels to teak reduced the fallow period to a single year, with pressure from weeds increasing and yields declining. If they had no alternative farm activities, such as paddy rice or vegetable gardens, they had no choice but to find off-farm employment.
Current research aims to investigate whether upland farmers with limited access to land and alternative livelihood activities can follow an agro-forestry intensification pathway or whether tree establishment should be limited to border plantings around upland plots devoted to food crops. There is potential that a system of annual crops, perennials, and domesticated NTFPs may provide income for several years beyond the typical woodlot systems that have been widely adopted. However, there remains a resource threshold which a household needs to exceed if it is to maintain ownership of a complex agroforestry system. As resources decline, more labor must be directed off-farm, which limits the ability of households to establish and maintain these more complex systems.
Non-Adoption of Smallholder Woodlots or Agroforestry Systems
The non-adoption of smallholder woodlots or agroforestry occurred in four of the five study villages. The highest level of non-adoption was in Phatonglom Village, which is located the greatest distance from Luang Prabang City. As indicated in Table 1 , this village also had highest percentage of households with access to paddy land and, as a result, the highest incidence of rice self-sufficiency. However, it also had the lowest percentage of households engaged in off-farm employment, with agriculture remaining the main source of income, particularly the sale of maize.
Ownership of large ruminants, particularly cattle, was common in this village (88% of the original surveyed households), whereas they had been largely removed from the other villages, other than for a few households that still kept buffaloes (less than 25%). The removal of livestock from the other villages resulted from declining access to common grazing land and local regulations aimed at preventing damage to crops. For example, in Phonsavang a decision had been made during the height of the establishment of paper mulberry that livestock were not allowed to be kept in the main area of the village cropping land. Both Type 5 households in Phatonglom (CS6 and CS7) indicated that retaining access to grazing land was important to them and the establishment of woodlots or agroforestry systems was not seen as compatible with these systems. Nevertheless, cattle-raising was also an important activity for the farmer in CS5, who had a teak plot but had managed to exclude cattle during the establishment years with the aid of fencing, but was now grazing the land under the older trees.
The flatter land in Phatonglom also meant that some areas, particularly close to the road and village settlement, were suitable for mechanized land preparation for field crops. However, farmers reported that maize yields were declining due to continuous cropping and limited application of fertilizer. Some households in the original survey had indicated that they planned to establish teak on this land once yields fell to a level that was considered uneconomic.
Discussion
The expansion of teak in the study villages, and more generally in northern Laos, has contributed to a significant forest transition, with the area of forested land increasing over the past two decades as smallholders have converted land previously used for swidden agriculture to teak woodlots and agroforestry systems. This conversion of agricultural land to tree-based systems has occurred in the absence of land concessions and large-scale plantations that have driven tree-crop and forest transitions in other parts of Laos and in Southeast Asia more generally [2, [31] [32] [33] [34] [35] [36] . The case of teak underscores the findings of other studies in the region that, given appropriate conditions, independent and assisted smallholders can be as effective as large-scale private or state entities in developing a range of shrub and tree crops (including tea, rubber, oil palm, coffee, and timber) with significant benefits for broad-based rural development [24, [37] [38] [39] [40] .
However, the predominance of smallholders in the expansion of teak does not mean that all households in a village are benefiting equally from this land-use change. In fact, as Li observes, "smallholder farming has its own problems, not least the new inequalities that arise through the "everyday" processes of accumulation and dispossession among smallholders that roll on relentlessly, despite efforts to prevent them" ( [41] ; p. 285). The belief that the adoption of commercial tree crops can lift whole rural populations out of poverty ignores both the initial diversity within these communities and the disequalising processes involved in such a transition [1, 42, 43] . The early investment in teak woodlots in the study area has accelerated processes of capital accumulation and agrarian differentiation within and between villages. It has also opened up a process whereby smallholder and village control over land and forest resources is being lost through sales of established woodlots to urban-based business interests who thus become, in effect, absentee landlords. The distinction between the economic development, smallholder intensification, and state policy pathways helps us to understand these differential processes of forest transition in northern Laos.
Households with adequate land resources but scarce labor (e.g., Type 1) have been able to gradually build up their teak holdings with little negative impact on their short-term food security or cash flow and considerable long-term increments to their wealth and income. These households have been following the economic development pathway and have successfully incorporated farm forestry into their livelihood portfolios. However, the adoption of improved management practices is urgently needed for these households to realize the full economic potential of their smallholder woodlots. The establishment of teak by such labor-scarce households and the associated poor management of the teak stands have also been observed in Central Java [3] . However, in this case the limited labor availability for silvicultural management has often resulted from household members migrating to work in the cities of Java. While migration was not a common livelihood strategy for households in the study villages of northern Laos, increasing off-farm and non-farm opportunities have reduced labor availability and contributed to rising wages. This provides a major challenge for research and extension agencies to demonstrate the financial benefits of improved management.
Those with less land resources (e.g., Type 3) have had to trade off short-term income for the potential long-term benefits that teak can bring and have been attempting to follow a smallholder intensification pathway. It is apparent that some Type 3 households have already exhausted their own supply of cropping land and will need to rent land to continue growing cash crops and upland rice until their trees reach maturity. However, the availability of land for tenants within a given village is finite, with some households having to go further afield in search of land. While in the short to medium term it may look like these Type 3 households are following an intensification pathway, there will be some who do not successfully make the transition and move backwards to become Type 6 households via the sale of land. Thus, while some households are "left behind" by the teak boom, others are actively impoverished by the transition in land use taking place around them.
Those following the state policy pathway to teak planting are susceptible to both the poor management of those on the economic development pathway and the financial squeeze leading to loss of land resources for those on the smallholder intensification pathway. The development of profitable agroforestry systems with wide spacing of teak and a mix of cash crops and NTFPs has the potential to extend the income generated from a particular parcel of land, enabling land-scarce, labor-dependent households to participate successfully in this forest transition. However, the technical and market barriers to adoption of such agroforestry systems can be formidable [44] .
Conclusions
The expansion of smallholder teak plantations in northern Laos is contributing to a forest transition in which a swidden landscape is being transformed into one with a higher proportion of tree cover. While this landscape transition is being driven by smallholders rather than large-scale plantations, it is important to be aware of the diverse implications for smallholder livelihoods. The forest transition is the broad-scale manifestation of a complex pattern of household livelihood responses to internal and external drivers. The integration of teak-based production systems into household asset portfolios has the potential to improve the livelihoods of those households that can afford to retain this investment for at least 10-12 years. The analysis has shown that within Luang Prabang Province different household types are adopting various teak-based production systems ranging from woodlots to more complex agroforestry systems. The evolution of these systems follows three of the forest transition pathways described by Lambin and Meyfroidt [21] .
For some household types, the forest transition has been driven primarily by local economic development, with labor becoming increasingly scarce for upland cropping, which is now seen as marginal compared to alternative uses of labor. Other households are following a pathway driven by land scarcity and improved market access for a range of products, resulting in the development of more intensive agroforestry systems in their upland parcels. Yet other households have planted teak as a strategic move to retain land in the face of government policies and with little planning about how they will manage the period between establishment and harvest. The case studies demonstrated that two fields can look physically identical but belong to households on very different trajectories, once we look beyond the woodlot to the entire portfolio of livelihood activities.
Understanding these variations is important when designing research and extension activities, to ensure that they are not only directed at improving the economic performance of teak-based agroforestry activities (the plot scale) but are also compatible with the livelihood strategies of target households. Where the factors leading to the adoption of teak systems are consistent with an economic development pathway, the labor-saving prospects of establishing smallholder woodlots have also led to poor management of these systems and reduced their potential economic value. Hence more complex agroforestry systems are not likely to be adopted by households on this pathway. However, it may be possible to develop market incentives for improved silvicultural management of pure teak stands. On the other hand, the adoption of smallholder woodlots by land-scarce households has the potential to lead to problems in the future should they not have other productive livelihood activities once the land is removed from annual cropping. Research and extension activities need to focus on helping these households to follow a smallholder intensification pathway, providing greater returns to their limited landholdings and a more even flow of consumption and income. However, it needs to be recognized that there is a resource threshold which a household must exceed to follow either the economic development or smallholder intensification pathways successfully. Those below this threshold, or at risk of falling below it through distress sales of land, are being excluded from the potential benefits of the forest transition.
Efforts to induce or accelerate a forest transition on a regional or national scale must remain cognizant of these crucial local variations in household and village circumstances so that a forest transition does not occur in a way that is detrimental to rural livelihoods. There is thus a need to look beyond the woodlot to support more inclusive "forest-and-livelihood" transitions in rural areas such as northern Laos.
